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The incidence of drug sensitivity is by far
most frequent with peniciffin. Indeed ten to
fifteen million persons in the United States claim
history of allergic reaction following its ad-
ministration. The clinician is in need of some
means for valid evaluation of history of sen-S
sitivity to this drug. Despite denial of allergy to
penicillin and its use many times without con-
sequence in a patient, instances of anaphylaxis
with angioedema, marked hypotension and
dyspnea are well known. Hence, there is great
need of some measure by which the history can
be objectively assessed.
In the development of new tests for penicillin
allergy, detection of the response of degranula-
tion by circulating basophils has played a major
role. Basophil degranulation tests, both in vivo
and in vitro, have been verified as sensitive in
the detection of potential reactors.
Obviously it could be hazardous to give
penicillin to suspected reactors except under
rigidly controlled research conditions. For this
reason twenty-five volunteers in good health and
having received penicillin in the past at a specific
time were studied.
To be certain that these subjects were not
extremely sensitive to penicillin, three in vitro
laboratory tests were performed: the absolute
basophil count, direct basophil test and fluoro-
metric histamine release test. Skin testing with
penicilloyl polylysine completed the battery of
tests prior to an actual challenge of all subjects
with penicillin, including those with positive
allergic history to penicillin.
A comparative survey of results of laboratory
tests for penicillin hypersensitivity, correlated
with the clinical history, was done as well.
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METHODS AND MATERIALS
Subjects. All subjects were healthy, adult Cau-
casian and Negro male volunteers. Group I con-
sisted of ten subjects who had tolerated previous
penicillin without reaction. Group II consisted of
fifteen subjects who had a history of allergic reac-
tion to penicillin. All of the following tests were
performed prior to administration of the penicillin
challenge:
(1) Absolute Basophil Count. Heparinized blood
was drawn from the subject prior to testing and a
count performed immediately in a Spiers-Levy
eosinophil counting chamber, using a modified
toluidine stain (1). The basophils were not only
counted, but were also classified as normal or
degranulated cells. A normal cell has intense pink
stain with numerous purple granules clumped
centrally. Degranulated cells take a pale stain and
contain but few granules. Vacuole formation and
indistinct cell outline also characterize the abnor-
mal cell. Twenty to fifty basophils per cubic milli-
meter blood is the normal range for a healthy in-
dividual. In addition, it should be noted that less
than a third of these circulating basophils would
appear degranulated.(2) Direct Basophil Test. Aliquots (0.5 ml) of
heparinized blood from the subject were placed in
each of two polyethylene micro-centrifuge tubes.
Penicillin G (1:100, 0.1 ml) was added to the first
tube and 0.1 ml saline to the control tube. The
tubes were corked, mixed gently by inversion and
incubated at room temperature (26° C) for 15
minutes. Then the absolute basophil count and
morphologic classification were made as above. If
the percentage of degranulated basophils in the
blood exposed to penicillin was over one and a
half times that seen in the control, the test was
considered positive.(3) Fluoromet'ric Histamine Release Test. The
technic is a two-hour fluorometric method utilizing
rabbit blood passively sensitized with fresh human
plasma (2). The test was performed within 45
minutes of obtaining the specimen. Routinely
penicillin G is used in a final dilution of 1:10,000
and 1:2500. A positive test is one in which, using a
10 >< aperture, 20 dial units or more existed be-
tween serum control and test sample (representing
a release of histamine in a dilution of 45 beg/liter).
(4) Skin Testing. An intradermal test utilizing
a penicillin degradation product, penicilloyl con-jugated with polylysine, was used in the form of
Cilligen®-6 (6 X 10 Moles) and Cilligen®-50
(50 X 10 Moles). Three hundredths of a milliliter
of test material was injected intradermally in the
forearm, so that an approximate 6 mm. bleb was
raised. This was outlined by ball point pen and
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TABLE I
Clinical history
Subject Type of Reaction InteTi Last Remarks
Group I—No History of Previous Clinical Reaction to Penicillin
Cl
C2
C3
C4
CS
C6
C7
C8
C9
ClO
—
—
—
—
—
—
—
—
*
—
lmonth
5years
lyear
2years
4years
9months
4years
6years
l2years
lyear
Group TI—History of Previous Clinical Reaction to Penicillin
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
anaphylaxis
urticaria
urticaria
papular rash
urticaria, papular rash
papular rash
papular rash
urticaria
urticaria
anaphylaxis, papular
rash
papular rash
urticaria
urticaria, rash and
facial edema
urticaria, papular rash
urticaria
9 years
8 years
2 years
4 years
7 years
1 year
6 years
5 years
4 years
4 years
4 years
5 years
1 year
1 year
2 years
Has received penicillin intermit-
tently with urticaria each ad-
ministration.
Penicillin in 1959 also caused
papular rash and angioedema of
hands and face.
Penicillin in 1950 also caused
urticaria.
Penicillin in 1954 also caused
urticaria.
* Later questioning revealed urticarial reaction following penicillin 12 years ago.
readings were made at 20 minutes. Wheal responses
were interpreted as follows: negative = no re-
sponse; 2+ = 12 to 20 mm. in diameter; and 4+,
strongly positive = more than 20 mm diameter.
If weaker strength skin test (Cilligen®-6) was
negative, Cilligen®-50 was injected (3).(5) Challenge with Penicillin. Pure penicillin G
powder was given sublingually in serial doses of
10, 20, 40, 60, 80 and 100 mg. Ten milligrams rep-
resents 15,630 units. Absolute. basophil count and
morphologic classification were done on heparinized
blood prior to the challenge and ½ hour, 1, 2, 4
and 24 hours after challenge. The count was read
immediately. The challenges were given at inter-
vals of at least a week. When the circulating
basophils at the end of one hour showed an in-
crease in degranulation of over one and a half
times that of the control value, the challenge was
considered to be positive. Likewise, a decrease of
50% in the number of basophils was viewed as a
positive response. Consistent, repetitive, positive
responses of the circulating basophil to oral peni-
cillin (three or more) are recorded as positive in
Table III.
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RESULTS
None of the 25 subjects had markedly elevated
absolute basophil counts. The number of baso-
phils per subject ranged from 16—68 cells/cu
mm at the onset of the study, and remained at
a relatively constant level during the entire test
period.
The results of the direct basophil test in which
penicfflin is incubated with the patient's blood
are shown in Table III. Positive results were
seen in 10 of 15 allergic subjects and 3 of 10
controls, but at no time was explosive degranula-
tion observed upon exposure to penicillin. The
fluorometric histamine release test showed cor-
relation with the direct basophil test results
being positive in nine of fifteen allergies and
four of ten controls.
Using the skin test with penicilloyl polylysine,
5 of the 15 men with a history of sensitivity
showed a positive skin test. Two of these had
systemic reactions as a result of the skin testing.
These manifested themselves respectively as
severe generalized pruritus and an anaphylactic
reaction which necessitated adrenaline and other
supportive measures. In the control group, sub-
ject C 5 showed a positive skin test only to the
second strength penicilloyl polylysine, 5 x
10' M.
In contrast to the screening tests, the sub-
lingual penicillin challenge induced significant
degranulation of the circulating basophil in 13
of the 15 subjects who had had previous clinical
difficulty with penicillin. However, no clinical
symptoms of drug intolerance appeared, nor did
the number of circulating basophils drop. In-
terestingly, only one of the control subjects
(C 9) showed basophil degranulation following
penicillin challenge. On the basis of this positive
challenge and positive direct basophil test his
medical history was reviewed by further detailed
questioning at the completion of the study and
a history of urticaria as a consequence of re-
ceiving penicillin twelve years ago was elicited.
Hence, this subject had in fact a history of
penicfflin reaction and has to be considered as
an ectopic member of the test group II.
Subjects 1 and 10 who had a history of clinical
anaphylaxis were positive to all testing param-
eters, as well as subject 3 with urticaria. The
two negative penicillin challenges in men with
allergic reaction previously were confirmed by
negative results in all tests except the fluoro-
metric test in one instance.
DISCUSSION
In the sensitized subject, oral penicillin chal-
lenge may induce two changes in the blood
basophil. First, extreme sensitivity with high
circulating antibody levels is associated with a
precipitous post-challenge drop in the number
of basophils. This is the situation seen in true
anaphylactic reactions where circulating baso-
phils may fall from a normal of 20—50 cells to
the basopenic level of 0-4 basophils per cubic
TABLE II
Results of penicilloyl polylysine skin te8t*
Subject 6 X 10—s Moles 50 X 101 Moles Clinical Reaction
C 5 negative 2+ (13 mm)
1
3
5
7
10
4+ (22 mm)
2+ (15 mm)
2+ (12 mm)
4+ (30 X 20 mm)
2+ (12 mm)
4+ (20 X 10 mm)
2+ (12 mm)
After 20 minutes, severe general-
ized pruritus ensued without
rash. Relieved by 0.3 cc adrenal-
ine 1:1000 IM.
Skin test elicited anaphylactic
reaction in 20 minutes with
marked edema of the hands and
face.
* All subjects were skin tested. Only positive reactors are shown.
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TABLE III
Summary of penicillin 8en8iti city studies
t History elicited after study completed.
—, negative test.
Absolute Basophil Count: number/cu mm blood. Direct Basophil Test: Penicillin G 1:600.
Fluorometric Histamine Release Test: Penicillin G 1:10,000, except Subjects 8, 9 and 15, 1:2,500.
millimeter of blood (4). Second, in lesser degrees
of sensitivity, the basophil may show loss of
granules and morphologic alterations. Although
distinctive, these changes are less dramatic than
the precipitous sudden drop in the count, occur-
ring in the anaphylactic reactor.
Many factors affect the degree of basophil
degranulation. Low grade subclinical reactions
to food allergens, pollens or toxic febrile illness
may each induce non-specific degranulation. In-
deed the patient may appear clinically normal,
but show strikingly abnormal circulating baso-
phils. Accordingly, it is not possible at times
to assess the effect of an oral challenge on baso-
phils already degranulated.
Extreme sensitivity was ruled out by the
screening tests done on the twenty-five men in
this study. Except for the two instances of
strongly positive penicilloyl polylysine skin tests,
no subject was exquisitely sensitive as seen in
History Laboratory Tests Skin Test
Response toOral
Penicillin Challenge
(10—100 mg)
Subject
Group ICl
02
C3
C4
05
C6
C7
08
C9
C 10
ClinicalPenicillinReaction
urticariaf
Absolute
BasophilCount
59
68
43
58
30
16
31
46
16
16
Direct
BasophilTest
positive
positive
positive
Fluorometric
Histamine
Release Test
positive
positive
positive
positive
Penicilloyl
Polylysine(6 X 10-M)
positive*
Circulating Basophils
Number Morphologic
Change
positive
Group II
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
anaphylaxis
urticaria
urticaria
papular rash
urticaria
papular rash
papular rash
urticaria
urticaria
anaphylaxis
papular rash
urticaria
urticaria
urticaria
urticaria
51
34
28
28
40
40
29
41
26
26
29
18
16
28
60
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
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Table III. These results gave relative assurance
that cautious sublingual penicillin challenge
might be undertaken without any subject ex-
periencing an anaphylactic reaction, although the
appearance of other or delayed manifestations
of penicillin sensitivity could not be eliminated.
As a result of direct sublingual challenge with
graded penicillin dosage, no subjects encountered
untoward immediate or delayed reactions. In
contrast, the two subjects mentioned manifested
severe reactions to the skin test itself, one suffer-
ing a classical anaphylactic reaction. In the
course of challenge these two subjects were
watched most closely, despite an awareness that
patients with intense local response to penicilloyl
polylysine may have no immediate or delayed
reaction to large doses of pencillin (5). On
challenge, neither subject, however, experienced
a significant fall in the number of basophils.
This is in keeping with the fact that neither
showed marked sensitivity to penicillin G in
any of the laboratory tests done. The skin test
here may be a measure of specific sensitivity to
penicilloyl polylysine and not to penicillin G. To
support this view, it was found that penicillin
G (1:10,000) gave a negative histamine release
test whereas penicilloyl polylysine gave a posi-
tive test at dilutions exceeding 1:100,000. Five
controls showed negative tests to penicilloyl
polylysine at the same concentrations. This
would indicate that subject 7 was specifically
sensitive to the penicffloyl polylysine antigen
and not to penicillin G, explaining the discrep-
ancy of results obtained at times with penicillin
G scratch tests and the penicilloyl skin test used
in the same individuals.
The test using basophil degranulation and
histamine release as measures of hypersensitivity
were employed for screening purposes. Hence,
to achieve the greatest sensitivity high antigen
concentrations were employed, i.e. a final con-
centration of 1:600 penicillin G for the direct
basophil test and 1:2500 penicillin G for the
histamine release test. In our experience clinical
reactions are associated with positive tests at
much lower antigen titers. Thus, in selected cases
of anaphylaxis with high circulating antibody
levels, positive tests have been titred to final
dilutions as great as 1:1,000,000. Further study
will be needed to determine the clinically sig-
nificant dilutions.
The antibody responsible for the basophil tests
is extremely labile in some people. Hence, all
such studies must be done on fresh blood or
plasma samples to preserve the amount of anti-
body. Freezing in any form fails to preserve
specimens for use in these tests. Even the forty-
five minute delay occasioned in this study for
the fluorometric tests is undesirable and may
account for a lower incidence of positive tests
than obtained previously (2).
The results of sublingual challenge with pen-
icillin proved positive in 88% of the subjects
with a previous history of allergic reaction to
the drug. Morphologic changes were seen in the
cell, although the number of basophils remained
essentially unchanged. No positive challenges
were observed in the control group.
Absorption of penicillin occurs through the
mucosa, and hence sublingual administration of
pure penicillin G powder was viewed as a rela-
tively standardized challenge technic. It avoids
the known hazards of erratic absorption from a
stomach which may or may not have food and/
or hydrochloric acid. Furthermore, in case of
intolerance, residual antigens can be flushed out.
The consistently positive cluster of test find-
ings in the two subjects who had had previous
clinical anaphylactic reactions may be seen in
Table III. Interestingly, one subject with urti-
caria also had positive reaction to all the tests.
This man over the last four years had received
penicillin intermittently, each time experiencing
urticaria. It may be assumed that each penicillin
administration acted as a booster or sensitizing
dose, leading to high levels of circulating anti-
body.
The anaphylactic reactor appears to have the
greatest amount of circulating antibody and thus
gives a positive response to all technics of testing
used in this study. The detection of urticarial
reactors was also high—S of 10 positives by the
direct basophil test, 6 of 10 by the fluorometric
test, but only 2 of 10 by penicilloyl polylysine
skin test. Individuals experiencing the delayed
erythematous, papulovesicular eruption often
seen as a penicillin reaction may be assumed to
have little or no circulating antibody, and thus
escape the immediate type testing procedures
used herein.
In the control group, several positive reactions
were present. These were interpreted as labora-
tory findings portending potential clinical allergic
sensitization which might appear with subse-
quent penicillin administration. Once sensitiza-
tion has occurred, the process continues and may
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never be completely lost. Thus, allergy can be
of many years' duration, constantly being trig-
gered by tiny inapparent challenges in the en-
vironment, e.g. penicillin in milk, polio vaccines
and blue cheese. The initial sensitization and
subtle challenges thereafter can indeed occur un-
knowingly.
This study underscores the grave significance
of a history of a previous reaction to penicillin.
In fourteen of sixteen men giving such a positive
history, sublingual penicillin challenge produced
appreciable degranulation of the circulating baso-
phil leukocytes within one hour. In not one of
the nine men without a history of sensitivity did
similar penicillin challenge have any effect. Thus,
the history at times unsolicited or ignored, has
proven to be the most reliable simple index of
immediate type penicillin allergy. The lesson
for clinicians is clear. A carefully obtained his-
tory of a previous peniciffin reaction warns of
the potential future hazard of giving penicillin.
Using a carefully controlled experimental system
of laboratory and skin assessment of the degree
of sensitivity, it was possible to undertake our
evaluation of the history by actual challenge.
However, such a challenge is not recommended
as a clinical tool unless clinically mandatory and
preceded by extensive laboratory testing.
Fourteen of sixteen men with a history of
previous reactions to penicillin showed degran-
ulation of the circulating basophils when chal-
lenged with this drug sublingually. This was
interpreted as evidence that these fourteen sub-
jects still had small amounts of circulating
antibody to penicillin, and hence were indeed
still sensitive to penicillin.
None of the in vitro tests for penicillin sensi-
tivity nor the skin test with penicilloyl polylysine
proved to be as sensitive an index as the history
itself.
The vital significance of a positive history of
drug intolerance is reaffirmed.
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